Chapter 3. Introduction to

Radi ati on.

3-1. Atom c Structure.

a. The atom which has
been referred to as the
"fundanmental buil ding bl ock of
matter," is itself conposed of
three primary particles: the
proton, the neutron, and the
el ectron. Protons and neutrons
are relatively nmassive conpared
to electrons and occupy the
dense core of the atom known as
t he nucl eus. Protons are
positively char ged whi | e
neutrons are neutral. The
negatively charged electrons
are f ound in a cl oud
surroundi ng the nucl eus.

b. The nunber of protons
wi thin the nucl eus defines the
atom ¢ nunber, designated by
t he synbol Z. In an
electrically neutral atom (that
is, one with equal nunbers of
protons and el ectrons), Z also
i ndi cat es t he nunber of
el ectrons within the atom The
nunber of protons plus neutrons
in the nucleus is ternmed the
atom ¢ mass, synbol A

c. The atom c nunber of an
atom designates its specific
el enent al identity. For
exanple, an atomwith a Z=l is
hydrogen, an atom with Z=2 is
helium and Z=3 identifies an
atom of ['ithium At ons
characterized by a particular
atom ¢ nunber and atom c mass
are called nuclides. A
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specific nuclide is represented

by its chemcal synbol with the
atomc mass in a superscript
(for exanple, 3H, C, 2%U) or
by spelling out the chem cal
synbol and wusing a dash to
indicate atomc nmass (for
exanpl e, radium 222, uraniunm
238). Nuclides with the sane
nunmber of protons (that is,

sanme Z) but different nunber of
neutrons (that is, different A
are called isotopes. |sotopes
of a particular elenent have
nearly i denti cal chem ca
properties, but may have vastly
di fferent radi ol ogi cal
properties.

3-2. Radi oactive Decay.

a. Dependi ng
ratio of neutrons to protons
within its nucleus, an isotope
of a particular elenment may be
stable or unstable. Over tine,
t he nucl ei of unstabl e isotopes
spont aneously disintegrate or
transformin a process known as

upon the

radi oactive decay or
radioactivity. As part of this
process, various types of
ionizing radiation may Dbe
emtted from +the nucleus.
Nucl i des whi ch under go

radi oactive decay are called
radi onucl i des. This is a
general term as opposed to the
term radi oi sotope which is used
to descri be an i sot opi c
rel ationshi p. For exanple, 3H
14C, and '?°1 are radionuclides.
Tritium (3H), on the other
hand, 1is a radioisotope of
hydr ogen.
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b. Many radi onuclides such
as radium 226, potassium 40,
thorium 232 and uraniunt 238
occur natural |y in t he
environnent while others such
as phosphorus-32 or sodium 22
are primarily produced in
nucl ear reactors or particle
accel erators. Any materi al
whi ch cont ai ns measur abl e
anount s of one or nor e
radionuclides is referred to as
a radioactive material. As any
handf ul of soil or plant
mat eri al w | contain sone
measur abl e amount of
radi onucl i des, we must
di stingui sh bet ween background
radi oactive materials and nman-
made or enhanced concentrations
of radioactive materi al s.

c. Uranium thorium and
their progeny, including radium
and radon are Nat ural |y
Cccurring Radi oactive Materials
(NORM. Along with an isotope
of potassium (K-40) these make

up the mjority of NORM
materials and are found in nost
all soil and water, and are
even found in significant
quantities wthin the human
body.

d. Anot her gr oup of
radi onuclides are referred to
as transuranics. These are
merely elements with Z nunbers
greater than that of uranium
(92). Al transuranics are
radi oactive. Transuranics are
pr oduced in spent fuel
reprocessing facilities and

nucl ear weapons det onati ons.
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3-3. Activity.

a. The quantity which
expresses t he degree of
radi oactivity or radi ation
produci ng potential of a given
anount of radioactive materi al
is activity. The activity may
be considered the rate at which
a nunber of atons of a material
disintegrate, or transformfrom
one isotope to another which is
acconpani ed by the em ssion of
radi ati on. The nost comonly
used unit of activity is the
curie (G) which was originally
defined as that amount of any
radi oactive mat eri al whi ch
di sintegrates at the sane rate
as one gram of pure radium
That is, 3.7 X 1010
di si ntegrations per second
(dps). A millicurie (nC) =
3.7 x 107 dps. A mcrocurie
(pG) = 3.7 x 10* dps. A
pi cocurie (pCG) = 3.7 x 107
dps.

b. The Syst eme
Internationale (SI) wunit of
activity is the becquerel (BQ)
which equals 1 dps. Systene
Internationale wunits, such as
nmeters and grans, are in use
t hroughout the rest of the
world. Only the United States
still uses units of curies for
activity.

c. The activity of a given
anount of radioactive materi al
is not directly related to the
mass of the material. For
exanpl e, two one-curie sources
cont ai ni ng cesi um 137 m ght



have very different nmasses,
depending wupon the relative
proportion of non-radioactive
atons present in each source.

for exanple, 1 curie of pure
cesium 137 would weigh 87
grans, and 50 billion kil ograns

(100 mllion tons) of seawater
woul d contain about 1 curie of
Cs-137 fromfall out.

3-4. Decay Law.

a. The rate at which a
quantity of radi oactive
materi al decays is proportional

r adi oacti ve
This can be

to the nunber of

atoms present.
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N=N,e P! Eq. 1
Were N equals the nunber of
atons present at tinme t, N, is
t he initial nunber of
radi oactive atons present at
time O, p is the decay constant
for the radionuclide present,
(this can be calculated from
the half-life of the material
as shown below),and e is the
base of the natural |ogarithns.
Table 3-1 indicates half-Ilives
and other characteristics of
several common radi onucl i des.

b. Since activity A is
proportional to N, the equation

expressed by the equation is often expressed as:
(Eqg.):
A = Aeh Eq. 2
Table 3-1. Characteristics of Sel ected Radi onuclides
Radi onucl i de Half-life (Type and max. energy in MeV)
hydr ogen- 3 12. 3 years p, 0.0186
carbon- 14 5370 years p, 0.155
phosphor us- 32 14. 3 days b, 1.71
sul fur-35 87.2 days p, 0.167
pot assi um 40 1. 3E09 years p, 1.310
i odi ne-125 59. 7 days p/ X, 0.035
cesium 137 30.2 years p/ X, 0.51/.662
t hori um 232 1.4E10 years p/ X, 4.081
urani um 238 4. 4EQ9 years p/ X, 4.147
anericium 241 432 years p/ X, 5.49/.059
pb- al pha particle, p-beta particle, X-gamma or X-ray

c. Half-life. When hal f
the radioactive atons in a
given quantity of radioactive
mat er i al have decayed, the
activity is also decreased by

of

half. The tinme required for the
activity of a quantity of a
particul ar radi onucl i de to
decrease to half its origina
value is called the half-life

3-3
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(T,, for the radionuclide.

d. I t be shown
mat hematical ly t hat t he
hal f-l1ife (Ty,, of a particular
radionuclide is related to the
decay constant (p) as foll ows:

can

1n2 0.6893

T1/2 T1/2

Eq. 3

Substituting this value of p
into Equation 2, one gets:

e. Exanple 1: You have 5

nCi  of phosphorus-32 (T,, =
14. 3 days). How nmuch activity
wll remain after 10 days?

A=7?

A, = 5 nC

t =10 d

b = .693

14.3 d
A = Aeh

.6931

—10

A 5 e U

A=3.1n0

f. An alternative nethod

3-4

of determning the activity of
a radionuclide remaining after
a given tine is through the use
of the equation:

(1"

where f equals the fraction of
the initial activity remaining
after tinme t and n equals the
nunber of half-lives which have
el apsed. In Exanple 1 above,

f = Eq. 4

n t/ Ty,

n 10/ 14. 3

0. 69
= (%°

0. 62

fA,

(0. 62) (5)

—h
|

= 3.10 nG

Both methods may be used to
calculate activities at a prior

date, that 1is "t" in the
equations nay be negative.
g. The activity of any

radi onuclide is reduced to | ess

than 1% after 7 half-lives and
|l ess than 0.1% after 10 hal f-
lives.

3-5. Types of | oni zi ng
Radi ati on.

a. lonizing radiation my
be el ectromagnetic or may



consi st of high speed subatom c
particles of various nmasses and
char ges.

(1) Al pha Particles.

Certain radionuclides of high
atomc mass (for exanple,
Ra- 226, U 238, Pu-239) decay by
t he em ssi on of al pha
particles. These are tightly
bound units of two neutrons and
two protons each (a helium
nucl eus). Em ssion of an al pha
particle results in a decrease
of two units of atom c nunber
(Z2) and four units of atomc
mass (A). Al pha particles are
emtted with discrete energies
characteristic of t he
particul ar transformation from
whi ch they ori gi nate.

(2) Beta Particles.

A nucleus wth a slightly
unstable ratio of neutrons to
protons may decay by changing a
neutron into a proton, or a
proton into a neutron through
the em ssion of either a high
speed electron or positron
called a beta particle. This
results in a net change of one
unit of atom c nunber (2Z2), up
one for a beta m nus and down
one for a beta plus. The beta
particles emtted by a specific
radi onuclide range in energy
from near zero to up to a
maxi mum val ue characteristic of
the particular transformation.

3-5
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(3) Gamma-rays.
(a) A nucleus which has

disintegrated is left in an
excited state with nore energy

than it can contain. This
excited nucleus may emt one or
nor e phot ons (that IS,
particles of electromagnetic

radi ati on) of discrete energies
to rid itself of this energy.
The em ssion of these ganma-
rays does not alter the nunber

of protons or neutrons in the
nucl eus but instead has the
effect of noving the nucleus

froma higher to a | ower energy
state. Gamma-ray emni ssion
frequently foll ows beta decay,
al pha decay, and ot her nucl ear
decay processes.

(b) X-rays and ganma-rays
are el ectromagnetic radi ation,
as is visible light. The
frequencies of X- and gamm
rays are much higher than that
of visible light and so each
carries nmuch nore energy.
Gamma- and X-rays cannot be
conpletely shielded. They can
be attenuated by shiel ding but
not stopped conpletely. A ganmma
emtting nuclide my vyield
multiple gamma- and X-rays,
each with its own discrete
energy. It is possible to
identify a ganma emtting
nuclide by its spectrum

(4) X-rays.
X-rays are also part of the

el ectromagnetic spectrum and
are indistinguishable from
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ganma-r ays. The only
difference is their source
(that is, orbital electrons
rather than the nucleus). X-

rays are emtted wth discrete
energies by electrons as they
shift orbits and |ose energy
followng certain types of
nucl ear excitenment or decay
processes.

(5)

radi ati on.

Bremsstrahl ung

When a charged particle passes
near the nucleus of an atom
it deviates fromits origina
path and is sl owed down by the
coul onbic interaction with the
nucl eus. Wien this occurs, the
charged particle will emt a
photon to bal ance the energy.
These phot ons are cal |l ed
bremsstrahl ung radi ation.
Brenmsstrahlung radiation only
becones a significant source of
exposure from high energy beta
particles. The anount of
bremsstrahl ung radi ation
emtted is proportional to the
Z nunber of the nucleus the
beta interacted wth, and the
energy of the beta particle.

(6) Neutrons.

(a) Neutrons are uncharged
particles rel eased during
fission of heavy at ons
(uranium or released from sone
non-radi oactive material after
bonmbar dnent by al pha particles
(americiumberyllium [ Am Be]
sources). Because neutrons are
uncharged particles, they
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travel further in matter. Wen
neutrons are sufficiently
sl owed down in matter

(thermalized) they are absorbed
by matter with an acconpanyi ng
burst of gamrma radiation. The
nature of production of the
neutron determ nes whether it
is emtted in a spectrum(as in
fission) or at a discrete
energy (as from Am Be sources).

(b) A single radioactive
decay event may generate a
| arge nunber of radiations as
illustrated in Table 3-2, for
exanpl e:

Table 3-2
| -125 Radi ati ons
RADI ATI ON ENERGY(keV) DECAY%

Gamma 35 6.7
Ka X-ray 27.4 114
Kb X-ray 31 25.6
L X-ray 3.9 12
K Conv.

Elec. 3.7 80
L Conv.

Elec. 31 11. 8
M+ Conv.

Elec. 35 2.5
K Auger

Elec. 23 20
L Auger

Elec. 3-4 160

KeV: kil oel ectron volt

3-6. Interaction of Radiation

Wth Matter.

a. Excitation/lonization.

radi ati on
al pha particles,

The various types of
(for exanple,



beta particles, and gama-
rays) inpart their energy to
matt er primarily t hr ough
excitation and ionization of
orbital electrons. The term
"excitation" IS used to
describe an interaction where
el ectrons acquire energy froma
passing charged particle but
are not renoved conpletely from
their atom Excited electrons
may subsequently emt energy in
the form of X-rays during the
process of returning to a | ower
energy state. The term
"ifonization" refers to the
conpl ete renoval of an el ectron
from an atom following the
transfer of energy from a
passi ng charged particle. Any
type of radi ati on havi ng
sufficient energy to cause
ionization is referred to as
i oni zi ng radi ati on. I n
describing the intensity of
ionization, the term"specific
ionization' is often used.
This is defined as the nunber
of ion pairs formed per unit
path length for a given type of
radi ati on.

b. Characteristics of
Different Types of [lonizing
Radi at i on.

(1) Al pha particles have a
hi gh specific ionization and a
relatively short range. Al pha
particles are nmassive and carry

a doubl e positive charge. This
conbi nati on al | ons al pha
particles to carry a large

anount of energy but to easily
transfer that energy and be
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st opped. In air, al pha
particles travel only a few
centineters, while in tissue,

only fractions of a mllineter.
For exanple, an al pha particle
cannot penetrate the dead cel

| ayer of human skin.

(2) Beta particles have a
much | ower specific ionization

than alpha particles and a
consi derably | onger range. The
relatively energetic Dbeta's

from P-32 have a range of 6
meters inair or 8 mllinmeters
in tissue. The | ow energy
beta's from H 3, on the other
hand, are stopped by only 6
mllimeters of air or 5
m croneters of tissue.

(3) Gamma- and X-rays are

referred to as indirectly
i oni zi ng radi ati on si nce,
having no charge, they do not
directly apply inpulses to
orbital electrons as do al pha
and beta particles. A gamma-

ray or X-ray instead proceeds
t hr ough matt er unti | it
under goes a chance interaction
with a particle. If the
particle is an electron, it may
receive enough energy to be
ionized whereupon it causes

further ionization by direct
i nteractions W th ot her
el ectrons. The net result is
t hat indirectly i oni zi ng
particles liberate directly
ionizing particles deep inside
a nmedi um nuch deeper than the
directly ionizing particles
could reach from the outside.

Because gamma rays and X-rays
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undergo only chance encounters
with matter, they do not have a
finite range. In other words,
a given gamm ray has a
definite probability of passing
through any nedium of any
dept h.
(4) al so
When

Neutrons are
indirectly ionizing.
striking massi ve particles
such as the nuclei of atons,
the neutron undergoes elastic
scattering losing very little
energy to the target nucleus.
But when a neutron strikes an
hydrogen nucl ei (a single
proton, about the sane mass as
a neutron) the energy is shared
nearly equally between the
neutron and t he pr ot on
resulting in a loss of about
half of the neutron's energy
before the interaction. The
proton now is a charged,
directly i oni zi ng particle
novi ng through matter until al
of its energy is transferred to
the matter.

3-7. Human Health Eff ects.

The effects of i oni zi ng
radi ation described at the
| evel of the human organi sm can
be divided broadly into two
categories: stochastic (effects
t hat occur by chance) or
determ ni stic (non-stochastic)
effects (characterized by a
threshold dose below which
effects do not occur).

a. Stochastic Effects.
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Stochastic effects are those
t hat occur by chance.
Stochastic effects caused by
i oni zi ng radi ati on consi st
primarily of genetic effects
and cancer. As the dose to an
i ndi vi dual I ncr eases, t he
probability that cancer or a
genetic effect wll occur also
i ncreases. However, at no
time, even for high doses, is
it <certain that cancer or
genetic damage wll result.
Simlarly, for stochastic
effects, there is no threshold
dose bel ow which it IS
relatively certain that an
adverse effect cannot occur.
In addition, because stochastic
effects can occur in unexposed
i ndi vi dual s, one can never be
certain that the occurrence of
cancer or genetic damage in an

exposed individual is due to
radi ati on.

b. Deterministic
(Non- Stochastic) Effects.

(1) Unl i ke stochastic
effects, determnistic effects
are characterized by a

t hreshol d dose bel ow whi ch they
do not occur. In addition, the
magni tude of the effect is
directly proportional to the
size of the dose. Furthernore,
for determ nistic effects,
there 1is a clear causal
rel ati onshi p between radiation
exposure and t he ef fect.
Exanpl es of determnistic
effects i ncl ude sterility,
eryt hema (skin reddening), and
cataract formation. Each of




these effects differs fromthe
other in both its threshold
dose and in the tine over which
this dose nust be received to

cause the effect (that is acute
vs. chronic exposure).
(2) The range of

determnistic effects resulting

from an acute exposure to
radi ati on IS col l ectively
termed "radiation syndrone."

Thi s syndronme nmay be subdi vi ded
as follows:

(a) henopoietic syndronme -
characterized by depression or
destruction of bone nmarrow
activity wwth resultant anem a
and susceptibility to infection
(whol e body dose of about 200
rads);

(b) gastroi ntesti nal
syndrome - characterized by
destruction of the intestina
epi thel i um wth resul t ant

nausea, vomting, and diarrhea
(whol e body dose of about 1000
rads); and

(c) central nervous system
syndrone - direct damage to
nervous system with |oss of
consciousness wthin mnutes
(whol e body doses in excess of
2000 rads).

(3) The LD, (that is, dose
that woul d cause death in half
of the exposed popul ation) for
acute whole body exposure to
radiation in humans is about
450 r ads.

3-9
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3-8. Determ nants of Dose.

The ef fect of i oni zi ng
radi ati on upon humans or ot her
organisns is directly dependent

upon the size of +the dose
received and the rate at which
the dose 1is received (for
exanple, 100 nrem in an hour

versus 100 nrem in a year)

The dose, in turn, is dependent
upon a nunber of factors
i ncluding the strength of the
source, the distance from the
source to the affected tissue,
and the tine over which the
tissue is irradiated. The
manner in which these factors
operate to determ ne the dose
from a given exposure differs

significantly for exposures
whi ch are "external" (that is,
resulting from a radiation
source |ocated outside the
body) and those which are
"internal" (that is, resulting

froma radiation source |ocated
wi thin the body).

a. External Exposures.

(1) Exposure to sources of
radi ati on | ocated outside the
body are of concern primarily
for sources emtting ganma-
rays, X-rays, or high energy
beta particles. Ext er nal
exposures from radioactive
sources which emt alpha or
beta particles with energies
less than 70 KkeV are not
signi ficant si nce t hese
radi ati ons do not penetrate the
dead outer cell layer of the
ski n.
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(2) As with all radiation
exposures, the size of the dose
resulting from an external
exposure is a function of:

(a) the strength of the
sour ce;

(b) the distance fromthe
source to the tissue being
irradi ated; and

(c) the duration of the
exposure.

In contrast to the situation
for i nt er nal exposures,
however, these factors can be
altered (either intentionally
or i nadvertently) for a
particular external exposure
situation, changing the dose
recei ved.

(3) The effectiveness of a
gi ven dose of ext er nal
radi ation in causing biological
damage i s dependent upon the
portion of the body irradiated.
For exanpl e, because of
differences in the
radi osensitivity of constituent
tissues, the hand is far |ess
likely to suffer biological
damage from a given dose of
radi ati on than are the gonads.
Simlarly, a given dose to the

whole body has a greater
potential for causing adverse
health effects than does the

sanme dose to only a portion of
t he body.
b.

| nt ernal Exposures.
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(1) Exposure to ionizing
radi ati on from sources | ocated
within the body are of concern

for sources emtting any and
al | types of i oni zi ng
radi ati on. o particul ar

concern are internally emtted

al pha particles which cause
significant damage to tissue
when depositing their energy

al ong highly localized paths.

(2) In contrast to the
situation for ext erna
exposures, the source-to-tissue
di stance, exposure duration,
and source strength cannot be
altered for internal radiation
sour ces. | nstead, once a
quantity of radi oactive
material is taken up by the
body (for exanpl e, by
i nhal ati on, i ngesti on, or
absorption) an individual is
"commtted" to the dose which
will result fromthe quantities

of the particul ar
radi onucl i de(s) involved. Sone
medi cal treatnments are

avai l abl e to increase excretion
rates of certain radionuclides
in some circunstances and
thereby reduce the commtted
effective dose equival ent.

(3) I n gener al ,
radi onucl i des taken up by the
body do not distribute equally
t hroughout the body's tissues.
Oft en, a radi onucl i de
concentrates in an organ. For

exanple, 1-131 and 1-125, both
i sotopes of iodine, concentrate
in the thyroid, radium and

pl utoniumin the bone, and



uraniumin the kidney.

(4) The dose commtted to
a particular organ or portion
of the body depends, in part,
upon the time over which these
ar eas of t he body are
irradi ated by the radionuclide.
This, in turn, is determ ned by
t he radi onuclide's physical and
bi ol ogical half-lives (that is,
the effective half-life). The
bi ol ogi cal half-life of a
radi onuclide is defined as the
time required for one half of a
gi ven anount of radionuclide to

be renoved from the body by
nor mal bi ol ogi cal turnover (in
urine, feces, sweat).
3-9. Background Radi ati on.

a. Al individuals are
conti nuously exposed to

ionizing radiation fromvarious
natural sources. These sources
include cosmc radiation and
naturally occurring

radi onucl i des W thin t he
environnent and wthin the
human  body. The radiation
| evel s resulting from natural
sour ces are col l ectively
referred to as "nat ura

background". Naturally
occurring radi oactive nateri al

(NORM can be detected in
virtually everything. Natural

pot assi um cont ai ns about 0.01%
pot assi um 40, a powerful beta
emtter wth an associated
ganma ray. Uranium thorium
and their associated decay
product s, whi ch are al so
radi oactive, are common trace
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el enent s f ound in soils
t hroughout the world. Natural

background and the associ ated
dose it i nparts varies
considerably fromone | ocation
to another in the U S and
ranges from 5 to 80
m croroentgens per hour. It is
estimated that the average
total effective dose equival ent

from natural background in the
u. S. (S about 250
nr em per son/ year. This dose
equi val ent is conposed of about
166 nr em per son/ year from
radon, 34 nren person/year from
natural radioactive naterial
wi t hin t he body, 25
nrenf person/year from cosnc
radi ati on, and 25
mrem/ person/year from

terrestrial radiation.

b. The primary source of
man- made non- occupati onal
exposures IS medi cal
i rradiation, particularly
di agnostic pr ocedur es (for
exanple, X-ray and nuclear
medi ci ne exam nations). Such
procedures, on aver age,
contribute an additional 100
nrenf person/year in the U S
Al'l other sources of man-nmade,
non- occupati onal exposures such
as nuclear weapons fallout,
nucl ear power plant operations,
and the use of radi ation
sour ces in i ndustry and
uni versities contribute an
average of less than one
nrent person/year in the U S.



EM 385- 1- 80
30 May 97

3-10. Radiation Quantities.

a. Exposure (roentgen).

Exposure is a neasure of the
strength of a radiation field
at some point. It is usually
defined as the anount of charge
(that is, sum of all ions of
one sign) produced in a unit
mass of air when t he
i nteracting phot ons are
conpletely absorbed in that
mass. The nost commonly used
unit of exposure is the
roentgen (R) which is defined
as that anount of X or gamm
radi ati on whi ch produces 2. 58E-
4 coul onbs per kil ogram (C kg)
of dry air. In cases where
exposure is to be expressed as
a rate, the wunit wuld be
roentgens per hour (R hr) or
nmore comonly, mlliroentgen
per hour (nR/ hr). A roentgen
refers only to the ability of
PHOTONS to ionize Al R
Roentgens are very limted in
their use. They apply only to
photons, only in air, and only
with an energy under 3 nega-
el ectron-volts (MeV). Because
of their limted use, no new
unit in the SI system has been
chosen to replace it.

b. Absorbed Dose (rad).

Wher eas exposure is defined for
air, the absorbed dose is the
anount of energy inparted by
radiation to a given nass of
any material. The npbst common
unit of absorbed dose is the
rad (Radi ati on Absorbed Dose)
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which is defined as a dose of
0.01 joule per kilogramof the
mat eri al in question. One
comon conversion factor is
fromroentgens (in air) to rads

in tissue. An exposure of 1 R
typically gives an absorbed
dose of 0.97 rad to tissue.
Absorbed dose may also be

expressed as a rate with units

of rad/hr or mllirad/hr. The
SI unit of absorbed dose is the
gray (Gy) which is equal to 1
joul e/ kg which is equal to 100
rads.

c. Dose Equivalent (rem

(1) Al t hough the
bi ol ogi cal effects of radiation

are dependent upon the absorbed
dose, sone types of particles
produce greater effects than
others for the sane anount of
energy inparted. For exanple,
for equal absorbed doses, al pha
particles may be 20 tines as

damagi ng as beta particles. In
order to account for these
vari ations when descri bi ng
human heal t h risk from
radi ation exposur e, t he
gquantity, dose equivalent, is
used. This is the absorbed
dose nultiplied by certain
"quality" and "nmodi fyi ng"
factors (Q indicative of the
relative bi ol ogi cal - damage
potential of the particular
type of radiation. The unit of
dose equivalent is the rem
(Radi ation Equivalent in Man)
or, nore comonly, mllirem
For beta, gamma- or X-ray
exposures, the nunerical val ue



of the remis essentially equal
to that of the rad. The Sl

Unit of dose equivalent is the
sievert (Sv) which is equal to:
1 G X Q where Q is the

quality factor. Q values are
listed in Table 3-3 (Note that
there is quite a bit of
di screpancy between different
agency's val ues).

Table 3-3
Q Val ues
Radi ati on Type NRC | CRU NCRP

X & Gamma Rays 1 1 1
Beta Particles

(Except 3H) 1 1 1
Tritium Bet as 1 2 1
Thermal Neutrons 2 - 5
Fast Neutrons 10 25 20
Al pha particles 20 25 20
(2) Exanple: An individua

working at a Corps lab with |-
125 nmeasures the exposure at a
work station as 2 nR/ hr. The
NRC |i censes and regul ates the
| ab. What IS t he dose
equi valent to a person sitting
at the work station for six
hour s?

DE = Exposure x 0.97 rad/R x Q

Exposure = Exposure Rate X
Ti me

Q for gamma-radiation = 1

DE = Rate x Time x 0.97 x Q

DE = 2 nR'hr x 6 hr X 0.97
rad/ R x 1 = 11.64 nrem

d. Deep Dose Equival ent
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( DDE)
(1) The DDE is the dose to
the whole body tissue at 1
centineter (cn) beneath the
skin surface from externa
radi ation. The DDE can be
consi dered to be t he
contribution to the total
effective dose equi val ent
(TEDE) from external radiation
(2) Exanple: A worker is
exposed to 2 R of penetrating
ganmma radi ation. What IS
hi s/ her DDE?

DDE = exposure x 0.97 rad/R x Q
Q for gamm radiation 1
DDE 2 Rx 0.97 rad/R x 1
1.94 rem

e. Ef fective Dose

Equi val ent ( EDE)

(1) Miltiplying the dose
equi val ent by a weighting
factor that relates to the
radi osensitivity of each organ
and summ ng these wei ghted dose
equi val ent s pr oduces t he
effective dose equi val ent.
Wei ghting Factors are shown in
Table 3-4. The EDE is used in

dosi netry to account for
di fferent or gans havi ng
di fferent sensitivities to
radi ati on.
Tabl e 3-4
Wei ghting Factors
Gonads 0. 25
Br east 0. 15
Lung 0.12
Thyroi d 0. 03
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Bone 0. 03
Mar r ow 0.12

Rermai nder 0. 30

(2) Exanple: A person is
exposed to 3 nR/ hr of gamma-
radi ation to the whol e body for

Si X hour s. What IS t he
effective dose equivalent to
each organ and to the whole
body?

EDE = p (DE x WF)

DE = Rx Q

R = Rate x Tinme

Qfor gamma =1

R=3nR'hr x 6 hrs. = 18 nR

18 MR x 0.97 nrad/ R = 17 nrad

DE = 17 nrad x 1 = 17 nrem
EDE for:

Gonads = 17 nrem x 0.25 =
4.25 nrem

Breast = 17 ntem x 0.15 =

2.55 nrem

Lung = 17 nmmem x 0.12 =

2.04 nrem

Thyroi d = 17 nrem x 0.03 =
0.51 nrem

Bone = 17 nmmem x 0.03 =
0.51 nrem

Mar r ow = 17 ntrem x 0.12 =
2.04 nrem

Remai nder = 17 nmmem x 0.30 =
5.10 nrem
EDE for whol e body: 17 nrem

(note
factor for
one)

that the weighting
the whole body is

f. Comm tted
Equi val ent ( CDE)

(1) The CDE is the dose
equi valent to organs fromthe

Dose
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i ntake of a radionuclide over
the 50-year period follow ng
t he i nt ake. Radi oacti ve
material inside the body wll

act according to its chemca

form and be deposited in the
body, emtting radiation over
the entire tinme they are in the
body. For purposes of dose
recording, the entire dose
equi val ent organs wll receive
over the 50-years follow ng the
i ntake of the radionuclides is
assigned to the individua

during the year that the
radi onucl i de i ntake took pl ace.
The CDE is usually derived from
a table or conputer program as
t he val ue i s dependent upon the
radi onucl i de, its chem ca

form the distribution of that
chemcal within the body, the
mass of the organs and the
bi ol ogi cal clearance tine for
t he chem cal . Two conmmon
dat abases are M RD and DOSEFACT
that contain CDEs for various
radi onucl i des. The CDE can be
calculated fromthe data in 10
CFR 20 Appendix B, or fromthe
EPA Federal Quidance Report #11
if there is only one target
organ, otherw se the dose nust
be cal cul at ed from t he
contribution of the
radi onuclide in every organ to
the organ of interest.

(2) Exanple: An individual
ingests 40 mcrocuries of |I-
131. What is the CDE? Because
the dose to the thyroid from
iodine-131 is 100 tines greater
than the dose to any other
organ we can assune that the



thyroid is the only organ
receiving a significant dose
and can use the 10 CFR 20
approach, from 10 CFR 20,
Appendi x B. The non-stochastic
(determnistic) Annual Limt of
I ntake (ALI) is 30 pG . A non-
stochastic ALl is the activity
of a radionuclide that, if
i ngested or inhaled, will give
t he organ a conmtted dose
equi val ent of 50 rem

DE/ALI x 50 rem

comm tted
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(1) Mul ti plying t he
comm tted dose equivalent by a
wei ghting factor that relates
to the radiosensitivity of each
or gan and sunmm ng t hese
wei ght ed dose equi val ents
produces t he comm tted
effective dose equivalent. The
CEDE can be considered to be
the contribution frominterna
radi onucl i des to the TEDE

(2) Exanple: A male worker

dose equi valent to the organ. inhales 10 pCG Co-60. What is
40 pCG /30 pG x 50 rem = 67 hi s CEDE?
rem
Usi ng t he CDE above for Co-60,
(3) An exanple of the CDE and the weighting factors
derived from a table is above, we get the follow ng
presented in Table 3-5 for EDE f or:
i nhal ati on of Co-60.
Gonads = 10 pCG x 6.29E+00
g. Commtted FEffective nrem uG x 0.25 =
Dose Equi val ent ( CEDE). 15. 73 nrem
Table 3-5
| nhal ation Coefficients (Hy;) in nrem pG
Co-60 (T, = 5.271 year) Cass Y F1 = 5.0E-02 AVMAD = 1.0 pm
organ (Hso,7) organ (Hso,7)
Adr enal s 1. 11E+02 Lungs 1. 27E+03
Bl adder Wal | 1. 09E+01 Ovari es 1. 76E+01
Bone surface 4. 99E+01 Pancr eas 1. 17E+02
Br east 6. 80E+01 Red Marrow 6. 36E+01
St omach Wal | 1. 01E+02 Skin 3. 77E+01
Smal | Intestine 2. 60E+01 Spl een 9. 99E+01
Up I g Intestine 3.59E+01 Testes 6. 29E+00
Lw I g intestine 2.93E+01 Thymus 2. 12E+02
Ki dneys 5. 77E+01 Thyroi d 5. 99E+01
Li ver 1. 23E+02 Ut erus 1. 70E+01
Hemso = 1. 33E+02 He 50 = 2. 19E+02
| CRP 30 ALI = 30 pG
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Breast= 10 pG x 6. 80E+01
nmen pC x 0.15
102. 00 nrem

Lung = 10 pG x 1.27E+03
nmen pC x 0.12

1524. 00 nrem

Thyroi d= 10 pG
nren uC x 0.03
17.97 nrem

5. 99E+01

. 99E+01

Bone 10 uG x
nren uC x 0.03
14. 97 nrem

Mar r ow 10 uG x 6. 36E+01
nmen pC x 0.12
76. 32 nrem

Remai nder 10 uG x 1. 33E+02
nrem uG x 0.30 =
399. 00 nrem

CEDE for whol e body: 2149 nrem

h. Total Effective Dose
Equi val ent ( TEDE)

(1) The sum of the DDE and
t he CEDE. Dose from interna
radiation is no different from
dose from external radiation
Regul ations are designed to
limt TEDE to the whole body to
5 rem per year, and to limt
t he sum of the DDE and the CDE
to any one organ to 50 rem per
year.

(2) Exanple: The person
working in exanple d. also
inhales 10 pG Co-60 as in
exanple g. Wat is his or her
TEDE?
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TEDE = DDE + CEDE

From Exanple d his DDE is 1.74

rem= 1, 740.00 nrem

From exanple g his CEDE is
2,149.00 nrem

TEDE  3,889.00 nrem

3-11. Biological Effects of
| oni zi ng Radi ati on.

Bi ol ogi cal effects of radiation

have been studied at different
| evels; the effects on cells,
the effects on tissues (groups
of «cells), the effects on
organi snms, and the effects on
humans. Sonme of the major
points are revi ewed bel ow.

a. Cellular
(1)

by ionizing
interacts

Ef f ects.

The energy deposited

radiation as it
wth matter may
result in the breaking of
chem cal bonds. | f t he
irradiated mtter 1is living
ti ssue, such chem cal changes
may result in altered structure
or function of constituent
cells.

(2) Because the cell is
conposed nostly of water, |ess
t han 20% of t he ener gy
deposited by ionizing radiation
IS absor bed directly by
macronol ecul es (for exanple,
Deoxyri bonucleic Acid (DNA)
More than 80% of the energy
deposited in the cell IS
absorbed by water nolecules
where it may form highly
reactive free radicals.
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(3) These radicals and of the DNA within the nucleus
their products (for exanple, in controlling all «cellular
hydr ogen peroxide) may initiate function. Damage to the DNA
numerous chem cal reactions nol ecule may prevent it from
which can result in danage to providing the proper tenplate
macromol ecul es and/ or for t he pr oducti on of
correspondi ng danage to cells. additional DNA or Ribonucleic
Damage produced within a cell Acid (RNA). In general, it has
by t he radi ation i nduced been f ound t hat cel
formation of free radicals is radi osensitivity is directly
descri bed as being by indirect proportional to reproductive
action of radiation. capacity and i nversely
proportional to the degree of
(4) The cell nucleus is cell differentiation. Table 3-
the major site of radiation 6 presents a list of cells
damage |l eading to cell death. which generally follow this
Thi s IS due to t he principl e.
i nportance
Table 3-6. List of Cells in Order of Decreasing Radiosensitivity
Very Moder at el y Rel atively

radi osensitive

radi osensitive

r adi or esi st ant

Veget ati ve
intermtotic cells,
mat ure | ynphocyt es,
eryt hrobl asts and
sper mat ogoni a,

tissue,

Bl ood vessel s and
i nt erconnecti ve

ost eobl ast s,
granul ocytes and

Fi xed postmtotic
cells,

fibrocytes,

chondr ocyt es,
muscl e and nerve

basal cells, ost eocyt es, cells.
endot hel i al cells. sperm eryt hrocytes.

(5) The consi der abl e (6) The relatively high
vari ation i n t he radi osensitivity of tissues
radi osensitivities of various consisting of undifferentiated,
tissues is due, in part, to the rapidly dividing cells suggest
differences in the that, at the level of the human

sensitivities of the cells that
conpose the tissues. Al so
inmportant in determning tissue
sensitivity are such factors as
the state of nourishnent of the

cells, interactions between
various cell types within the
tissue, and the ability of the

tissue to repair itself.
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organism a greater potenti al
exists for danmage to the fetus
or young child than to an adult
for a given dose. This has, in
fact, been observed in the form
of increased birth defects
followwng irradiation of the
fetus and an i ncreased
i nci dence of certain cancers in
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i ndi vi dual s who were irradi at ed
as children.
3-12. Way's

to Mnimze

Exposur e.

a. There are three factors

used to mnimze external
exposure to radiation; tine,
di st ance, and shi el di ng.
Projects involving the use of
radi oactive mat eri al or
radi ati on generating devices

need to be designed so as to
m nimze exposure to externa

radi ati on, and acconplish the
proj ect. A proper bal ance of
ways to mnimze exposure and
the needs of the project need
to be considered from the
earliest design stages. For
exanpl e, if a lead apron
protects a worker from the
radi ati on, but slows himor her

down so that it requires three
times as many hours to conplete
the job, the exposure is not
m nim zed. Addi tional lvy,
placing a worker in full
protective equi pnment and
subjecting the worker to the
acconpanyi ng physical stresses
to prevent a total exposure of
a fewmllirens does not serve
the needs of the project or of
t he worker.

(1) Tinme.
Dose is directly proportiona
to the time a individual is
exposed to the radiation. Less
time of exposure neans |ess
dose. Tinme spent around a

source of radiation can be
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mnimzed by good design,
pl anni ng t he operation

performng dry-runs to practice
t he operation, and contentious
wor k practi ces.

(2) D stance.

Dose is inversely proportiona
to the distance from the
radi ati on source. The further
away, the |ess dose received.
Dose is related to di stance by

t he equati on:
D 2
I, Il[ —1)
'D2
Wher e:

Intensity at Distance 1
D stance 1,
Intensity at
D stance 2.

|

D,

|

D,

Doubling the distance from a
source wll quarter the dose
(see Figure 3-1).

D stance 2,

Figurgo%F?.

Distance from a radiation
source can be maxi m zed by good



desi gn, planning the operation,
usi ng extended handling tools
or renote handling tools as
necessary, and by
consci ensci ous work practices.

(3) Shielding

(a) Dose can be reduced by
the use of shielding. Virtually
any mat eri al Wil | shield
agai nst radi ation but its
shi el ding effectiveness depends
on many factors. These factors

i ncl ude mat eri al density,
material thickness and type,
t he radiation energy, and the

geonetry of the radiation being

EM 385- 1- 80
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Cost consi derations often cone
into pl ay. The shi el di ng
provided by a few centineters
of lead nay be equal ed by the
shielding provided by a few
inches of concrete, and the
price my be lower for the
concrete. Table 3-7 lists half-
val ue | ayers for severa

materials at different gamma
ray energies.

(b) Shielding can be used

to reduce dose by placing
radi ati on sources in shields
when not in use, pl aci ng

shi el ding between the source
and yourself, good design of

shielded. Consult a qualified t he operation, and contentious
expert to determ ne shielding wor k practi ces.
requirenents.
Table 3-7
Hal f -val ue layers (cm for gamma rays
E, (MeV) Lead Concrete Wat er I ron Ar
0.1 0.4 3.0 7.0 0.3 3622
0.5 0.7 7.0 15.0 1.6 6175
1.0 1.2 8.5 17.0 2.0 8428
1.5 1.3 10.0 18.5 2.2 10389
b. Per sonnel Protective may i nclude such itens as:

Equi prent ( PPE)

(1) full-face, air-
PPE is a last resort nethod for purifying respirators (APRs)

radi ation exposure control.
When engi neering controls using
time, distance, shielding, dust
suppression, or contam nation
control cannot adequately | ower
t he exposure to i oni zi ng
radi ati on or radi oacti ve
material, PPE may be used. PPE
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W th appropriate cartridges;

(2) self-contained
br eat hi ng apparatus (SCBA);
(3)

supplied air; and
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(4) shi el ded gl oves,
aprons, and other clothing.

c. Selection of PPE is
based on unique conditions at
each job site. The PPE may be

required in the followng
ci rcunst ances:

(1) when handl i ng
contanminated materials wth

renovabl e cont am nati on

(2) when wor ki ng in
contami nati on, hi gh
cont an nati on, and Airborne

Radi oactivity Areas;

(3) when required by an
NRC |icense or ARA

or

d. Specific PPE
requi renents for each job site
shoul d be obtained from USACE
or a USACE contractor HP or
i ndustri al hygi eni st .
Respirator use nmust neet the
requi renents of 29 CFR 1910 or

1926 and USACE respiratory
protection requirenents of EM
385-1-1. The respiratory
protection factors for
different types of respirators
are listed in 10 CFR 20,
Appendi x A

*NOTE* Hal f-face APRs wi |l not
be used for any USACE work

i nvol ving radi oactive nmaterial,
unless there is no other
practi cal sol uti on. Any
special use of half-face APRs
will first be approved by the
RPO.
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e. Cartridges for
radi onucl i des nust be sel ected
with consideration for the
radi onuclide's chemcal form
Respirator filters approved for

use under 30 CFR 11 may stil
be used wuntil July 1998. By
t hat tinme, al | respirator

cartridges nmust be classified
according to the new Nationa

Institute of Cccupati onal

Safety and Health (N OSH)
nmodul ar approach described in
42 CFR 84. Wth the new
nmodul ar approach to respirator
certification, cartridges
approved by NOSH wll no
| onger be | abel ed for
dusts/ m sts/funes/radi oactive
dusts. The col or coding has
al so changed. Dust/m st/fune
filters will now be |abel ed as
NO5, N99, N100, R95, R99, R100,
P95, P99, and P100. The nunber
rel ates to t he filtering
ef ficiency, and the letter
relates to the type of aerosol,
wth P100 being the nost
protective over the w dest
range of aer osol types.
Dust/m st and dust/mst/funme
cartridges do not provide any
protection agai nst radi oactive
vapors or radioactive noble
gases. Consider the wuse of
conbi nati on cartridges to
control dust and vapors, and
activated charcoal cartridges
to control noble gasses. \Wen
sel ecting APRs, consider the
bui | dup of radioactive materi al
in the cartridges. A high
concentration of ganma
radi ation-emtting particles or
vapor in cartridges may produce



a radiation field positioned
very close to the face and
chest of the person wearing the
APR.

f. Any PPE w il slow down
t he wor ki ng speed of personnel,
and extend the tinme needed for
entry and exit. The increase
in dose due to the increased
timte in the radiation field
must be weighed against the
radi ati on dose reduction caused
by the use of PPE. The use of
whol e body personal protective
equi pment , particularly the
i nper neabl e type can cause heat
stress problens. A heat stress

monitoring program shall Dbe
i nplenented to evaluate and
control heat stress hazards
whenever PPE is used.

3-13. St andi ng Oper ati ng
Pr ocedur es.

Were a project or operation

uses radiation in a method that
is amenable to witten standi ng
operating procedures (SOPs),

t he RPO over seei ng t he
operations shall assist in the
preparation of SOPs. Most

manuf acturers of instrunents
and articles cont ai ni ng
radi oactive material or that
generate ionizing radiation,
include SOPs in their operating
manual s. The RPO shall review

these SOPs and ensure that they
meet USACE safety gquidelines
outlined in this manual and the
requi renments of ER 385-1-80 and
EM 385-1-1 before use.
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3-14. Monitoring and Surveying
Equi prent .

a. Anytine personnel are
wor ki ng W th radi oactive
mat eri al or radi ation
generating devices, radiation
nmonitoring procedures wll be
used. Equi prent needs to be
selected that can detect the
radiation or radiations in
guesti on. Table 3-8 is a
general guide to types of
detectors and the range and
types of radi ati ons t hey
det ect. Sone radiations are
extremely difficult to detect
in the field. Weak beta
emtters such as tritium
(maxi mum beta energy of 18.6
kilo-electron volts (keV) and
weak gamma emtters such as
i odi ne-125 present nonitoring
pr obl ens. Pri or to wor k
invol ving radi oactive
materials, consult the RPO and
HP to sel ect appropriate
i nstrunments and procedures for
the detection and
gquantification of the specific
radi ati on in question.

b. Radi ati on
| nstrunments.

Moni t ori ng

(1) Gas-filled Detectors.

Gas-filled detectors consist of
a gas-filled chanber with a
voltage applied such that a

central wire becones the anode
and the chanmber wal | t he
cat hode. Any ion pairs
produced by radi ation

interacting with the chanber
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nmove to the electrodes where
they are collected to form an
el ectronic pul se which can be
measur ed and qgquanti fi ed.
Depending wupon the voltage
applied to the chanber, the
detector may be considered an
ionization chanber, a
proportional count er or a
Geiger-Muller (G detector.

(a) An ionization chanber
IS a gas-filled chanber
containing an anode and a
cat hode. As radiation passes
through the gas it ionizes sone
of the gas nol ecul es. These
ion pairs are attracted to the
anode and cat hode and create an
el ectrical pulse. The pul ses
are counted and integrated and
di spl ayed on the neter face in
roentgens per hour. Because of
its design, an ionization
chanber has a very |linear
response to radiations of
different energies. For this
reason, an ionization chanber
is the preferred instrunent for
qguanti fyi ng personnel external
radi ati on exposures.

(b) Because of its
versatility and dependability,
the GM detector is the nost
widely wused portable survey
instrunent. A GV detector with
a thin wi ndow can detect al pha,
beta and ganma radi ation. | t
is particularly sensitive to
medi um t o- hi gh ener gy bet a
particles (for exanple, as from
P-32) and X-and gamma-rays as
wel | . The GM detector is
fairly insensitive to | ow
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energy X or gamma rays; that is
bel ow 50 keV, to |ow energy
beta particles such as those
emtted by S35 and C 14, and
cannot detect the weak betas
from H3 at all. Unlike the
ionization chanber, the GM
detector does not actually
"measure" exposure rate. It
i nstead "detects" the nunber of
particles interacting in its
sensitive volunme per unit tine.
The GM shoul d thus read-out in
counts per m nut e (cpm
al though it can be calibrated
to appr oxi mat e nR/ hr for
certain situations. Wth these
advantages and Ilimtations a
CGeiger-Muller detector on a
rugged survey neter 1s the
i nstrunment of choi ce for
initial entry and survey of
radi ation sour ces and
radi oactive contamnation in
the field.

(2)

Det ect or s.

(a) Scintillation
detectors are based upon the
use of various phosphors (or
scintillators) which emt |ight
in proportion to the quantity

Scintillation

and energy of the radiation
they absorb. The light flashes
are converted to phot o

el ectrons which are multiplied
in a series of diodes (that is,
a photonultiplier) to produce a
| arge el ectrical pul se.
Because the |ight output and
resultant electrical pulse from
a scintillator is proportional
to the anount of energy



deposited by the radiation,
scintillators are wuseful in
identifying the anount of

speci fic radionuclides present
(t hat IS, scintillation
spectronetry).

(b) Portable scintillation
detectors are wdely used for

conducting various types of
radi ation surveys.
particul ar use to workers

working with | ow energy ganma
radi ati on, as from radi oi odi ne,
is the thin crystal sodium
i odide (Nal) detector which is
capabl e of det ecting t he
emssions from 1-125 wth
efficiencies nearing 20% (a GV
detector is less than 1%
efficient for 1-125).

c. Assaying Instrunents

(1) The nost common neans
of quantifying the presence of
beta-em tting radionuclides is
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(2) Solid scintillation
detectors are particularly
usef ul in identifying and
quanti fying gama-em tting

radi onucl i des. The conmmon ganma

wel | -counter enploys a large
(for exanple, 2" x 2" or 3" Xx
3") crystal of Nal wthin a
| ead shielded well. The sanple
vial is lowered directly into a
hol | ow chanber within the
crystal for counting. Such

systens are extrenely sensitive
but do not have the resolution
of nore recently devel oped
sem conduct or counti ng systens,
such as high-purity germani um
detectors.

d. Neut r on det ect or s,
somet i nes call ed 'neutron
balls' or "remballs' are used
for detection of neut r ons.
Neut r on detectors use a

hydr ogenous noderator to slow
down the neutrons which wll
allow the neutrons to interact

through the wuse of liquid with charged particles. These
scintillation count i ng. I n charged particles then are
t hese systens, the sanple and detected using a conventiona
phosphor are conbined in a radi ati on detector. Bor on
solvent within the counting trifluoride (BF;) is a conmobn
vial. The vial is then | owered detector gas used for neutron
into a well between two det ecti on.
phot orrul ti plier t ubes for
count i ng. e. Sem conduct or di ode
detectors or solid state
Table 3-8
Radi ati on Detection Instrunents
Det ector type Radi ati on | Detection | Conments
Det ect ed Limt
GWithick walled | p >50 keV | 100 dpm Limted use.
GWthin window | >35 keV [ 100 dpm Good for detecting
p >35 keV cont am nati on, not good
for quantifying.
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Det ector type Radi ati on | Detection | Conments
Det ect ed Limt

Nal - 2" x 2" p >50 keV | 500 dpm Good for detection and

crystal guantification.

Nal -t hi n 3 >50 keV | 500 dpm Good for detecting | ow

crystal p >25 keV energy gamma radi ation

| oni zati on B >50 keV | 0.2 nR/hr | Most accurate for

Chanber p >50 keV exposur e neasurenent.

Pressuri zed p >50 keV | .01 nR/ hr | Good for environnmental

| oni zati on surveys.

Chanber

Mcro R neter p >50 keV | .01 nR/ hr | Good for environnmental
surveys.

HPGe b >40 keV | variabl e Lab equi pnent, can
quantify trace anounts.
Fi el d nodel s avail abl e.

Liquid b, B, p vari abl e Lab equi pnent, can

Scintillation quantify trace anounts.
Fi el d nodel s avail abl e.

Gas b, B, p vari abl e Lab equi pnent, can

Proporti onal quantify trace anounts
field nodels avail abl e.

detectors use a solid nateri al
with a charge applied to it to
detect the energy deposited by
radi ati on. These detectors can
be designed to provide good
det ection of nost al |
radi ation, but particular types
of radiation and energy ranges,
each call for a different
configuration.

f. One type of solid state
detector that is finding
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w despread wuse is the high
purity ger mani um det ect or
(HPGe) . The HPGe, Ilike its
pr edecessor t he ger mani um

[ithium (GE(Li)) detector, has
excel | ent energy resol ution and
i's comonl y used in
| aboratories for identification
and quantification of gamm
emtting radionuclides. A
primary drawback of the HPGe
detector is the requirenent to
supercool the detector. This



is done by attaching a Dewar
flask cont ai ni ng liquid
nitrogen to the detector. HPGe
systens are being made that are

field portable, wusing small
Dewar fl asks and | apt op
conput ers, and can provide

| aboratory quality analysis in
the field.

g. Energy proportional
detectors such as scintillation
detectors, sem conductor diode
detectors and HPGe detectors
are often coupled with a nulti-
channel analyzer (MCA) to allow
for determnation of the energy
of the radiation detected, and
t hrough reference, to determne
the radioisotope that emtted
the radiation and the quantity
of that isotope in the sanple
nmeasured. Mst nodern MCAs are
used in conj unction W th
conputers which process the
i nformati on, contain t he
[ibrary of radi onucl i des
referenced by ener gy of
radi ation, and display software
for digital and graphic output.

h

(1) Radi ati on survey
meters are calibrated with a

| nstrunent Cal i bration.

radi oactive source and an
el ectronic pul ser. When an
el ectronic cal i bration IS
performed, the instrunment is
checked for response to a
radi oacti ve source. I n nost

situations, survey meters mnust
be calibrated at |east annually
and after servicing. (Battery
changes are not consi dered
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"servicing".)

(2) Survey neters will be
function tested with a check
source or ot her dedi cat ed
source before each use. |If the
survey meter is not responding
properly, it may not be used
for surveys until it IS
repaired. There is no need to
keep a record of the function
checks, but a record nust be
kept of the discovery of the
I npr oper response and the
service of the nmeter to correct
the problem as well as of the
recalibration of the neter.

. Quality Control.

Quality control of
instrunentation is essential in
a radiation protection program
Al l i nstrunents used for
monitoring safety and health
should be subjected to a
quality control (QC) program
Two tracking/trending nethods
are commonly used in instrunent
C. The general principle is
applicable to both field and
lab instrunents. The two
met hods are background trendi ng
and check source trending.

(1) Background trending is
done by plotting the daily
background readi ng versus days
si nce | ast cal i bration.
Backgr ound trendi ng can
i ndi cate when instrunment probes
becone contam nated, by show ng
a rise in the background rate.
Care nust be taken in nmeasuring
t he background daily to assure
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that the instrunent is in
approxi mately the sane | ocation
and that the location 1is
cont ani nant free.

cali bration.

t he i nst runent or

(2) Check-source tracking

is a nmethod of assuring that
the instrunment is responding
properly, and remaining in
cal i bration. Check- source
t racki ng IS per f or med by
plotting a daily check source

source tracking.

March Background Tracking

reading of a dedicated check
source agai nst the days since
Check- source
tracki ng can indicate danmage to
pr obe,
vari ance of the electronics or
changes in the neter response.
Figure 3-2 is an exanple of
background tracki ng and check-
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